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1.  SUMMARY 


The  Space  Power  and  Propulsion  Section  of  the  Ceneral  Electric 
Company  has  been  under  contract  to  the  Aeronautical  Systems  Division, 
Wright  Patterson  Air  Force  Base,  Chlo,  since  April  15,  1962,  for  the 
development  of  dynamic  shaft  seals  for  space  applications.  The  objective 
of  this  program  Is  to  acquire  the  techniques  for  sealing  higji  speed  ro¬ 
tating  shafts  under  the  operating  conditions  of  high  temperature  liquid 
metals  and  vapors,  the  near -vacuum  environments  of  space  and  to  provide 
long  seal  life  . 

A.  The  contract  specifies  the  following  requirements: 

1.  The  fluid  to  be  sealed  shall  be  potassium. 

2.  The  seals  shall  be  operative  at  fluid  temperatures  frem  the 

o 

melting  point  of  the  fluid  selected  to  1400  F. 

3.  The  pressure  on  the  fluid  side  of  the  seal  shall  be  15  psl  and 
the  external  pressure  shall  be  10~^  mm  Hg. 

4.  Ahe  speed  of  the  rotating  shaft  shall  be  a  maximum  of  36,000  rpm. 

5.  The  seal,  or  seal  combinations,  shall  be  designed  for  10,000 

hours  of  maintenance-free  life. 

6.  The  working  fluid,  potassium,  shall  be  used  as  the  seal  lubricant 

7.  The  seal,  or  seal  combinations,  shall  be  capable  of  maintaining 
sero  leakage  -  in  the  technical  sense  -  under  all  conditions  of 
operation. 

8.  The  seals  shall  be  designed  for  a  1.0  inch  diameter  shaft. 

The  seals  shall  bo  capable  of  operating  in  a  *ero  "g"  environment 


9. 


8.  Tv*  seal  evaluation  ahall  consist  oft 

1.  Preliminary  experlrmnts  with  water. 

2.  100-hour  operational  screening  test  with  liquid  metal. 

3.  Thermal -eye ling  test  with  liquid  metal. 

4.  3000-hour  life  test  with  liquid  metal. 

i  ( 

V  This  Quarterly  Report  covers  progress  during  the  quarter  ending 

\  M'- 

January  15,  1964.  The  main  ewenta  of  this  reporting  period  a«m* 

iiw^stlgario^rtf^modlflcatlons  to  the  dynamic  tero  leakage 
seal ^  hereof t«r-eal!*d>(j)ZL  seal,  was  continued.  The  In¬ 


vestigations  were  performed 


building  301  using  the  209000  rpta 


water  seal  test  rijf;  However,  the  Investigation  was  conducted 
entlrelyusfng  ET-378  oil  Instead  of  water.  The  Investigations 


w^re  used  to  determine  configuration  changes  which  would  lra- 
/  prove  the  capabilities  of  this  seal. 


-^2}  Seal  testing  for  the  SNAP-8  project  using  Ds«»»m  ET-378  oll^- 
was  completed.  This  work  was'per formed  under  a  sub-contract 


from  the  General  Electric  Advanced  Technology  Laboratory. 
TKr^fiZL  seal  was  applied  to  the  SNAP-8  Generator  system 
during  this  investigation. 

The  DZL  seal  developed  at  Evendale  for  the  SNAP-8  project^ 
wa^—checked  out  Ut  General  Electric  >a  .Advanced  Technology  l"b 
using  ET-378  oil.  A  successful  test  run  of  36  hours  with  a 
vacuum  of  29.5  mm.  Hg»  sealed  from  atmosphere  was  successfully 
performed  without  any  visible  leakage. 
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V  l  ' 

/  4j  /f  computer 


program  was 


adapted 


for  use  In  the  reduction  of 


the  teat  date  obtained  during  the  water  teal  testi:>«v  "‘ha 
program  is  presently  adapted  for  use  with  the  rotating 


housing  seal  tests,  however, 


flflcstlons  will 


ao.  it,  lot  tit 


the  rotating  disk  and  squeeze  seel 


tests. 


Tbt  liquid  aecil  teal  test  rig  manufacturing  continued 
during  this  quarter.  The  major/components  of  the  test  rig 


have  been  machined.  Howev 


atMarch-  l-5~,  T964. 


V 

er7  the  del 


lvery  date  is  now  set 


■'6^  Manufacturing  of  the  liquid  metal  seal  test  facility,  was 
completed  during  this  quarter.  The  facility  has  been  re¬ 
ceived  and  installed  in  our  Bldg.  314.  Final  instrumenta¬ 


tion  and  checkout  of  the  facility  is  presently  in  process. 


Since  funding  for  this  project  had  been  depleted  by  the  start  of 
this  quarter,  primary  progress  was  directed  toward  the  liquid  metal  test 
rig  and  facility  manufacturing  which  did  not  require  contract  funding. 
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II.  PMC  SENT  STATUS 


A.  Fluid  Dynamic  Testing 

Investigation  of  the  DZL  seal  continued  during  this  reporting  period. 
The  20,000  rpm  water  seal  test  rig  was  used  for  this  investigation.  How¬ 
ever,  the  operating  fluid  used  for  this  testing  was  Dow  Chemical 's  ET-378 
oil  Instead  of  water.  This  allowed  the  investigation  to  Include  vacuus 
conditions  as  well  as  low  pressurized  conditions.  The  use  of  this  DZL 
seal  has  completely  eliminated  the  interface  instability  problem  as¬ 
sociated  with  the  dynaalc  seal  concept  and  has  provided  acceptable 
operations  under  high  speed  vacuus  conditions. 

Investigation  of  another  modified  version  of  the  DZL  seal  was 
made  during  this  reporting  period.  The  seal  was  changed  to  allow  rapid 
assembly  and  disassembly  without  inner  connections  which  required  tedious 
fastening  or  It  was  hoped  that  this  seal  would  provide  a  solution 

to  the  difficult  assembly  problem  associated  with  the  presently  conceived 
and  working  DZL  seal.  However,  the  testing  indicated  a  small  liquid 
leakage,  about  a  drop  every  two  seconds  using  the  DOW  ET-378  fluid. 

Leakage  usually  occurred  at  about  10,000  rpm  but  it  did  not  increase 
significantly  with  speed.  At  15,000  rpm,  the  leakage  however,  increased 
considerably  to  what  could  be  considered  an  unacceptable  level.  This 
Increase  in  leakage  might  Indicate  improvement  was  required  in  the 
control  of  the  weight  flow  into  the  seal.  No  further  studies,  however, 
have  been  made  because  the  seal  configuration  is  not  as  good  as  a 
configuration  already  on  the  liquid  metal  seal  test  rig.  If  small  leakage 
rates  could  be  tolerated,  however,  the  tested  configuration  might  be 
applicable,  since  the  assembly  of  the  seal  is  very  simple, 
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Continued  testing  of  the  above  nature  will  proceed  for  the  purpose 
of  defining  and  simulating  potential  teat  designs  which  may  be  applicable 
to  the  liquid  metal  seal  operation  throughout  the  next  reporting  period. 
However,  these  test  periods  wilt  be  of  a  very  minimum  nature  and  detailed 
test  Information  will  not  be  obtained;  only  the  feasibility  will  be 
demonstrated. 

A  dynamic  zero  leakage  seal  was  supplied  to  the  Advanced  Technology 
Laboratories  for  endurance  testing  under  high  vacuum  conditions.  The  DZL 
seal  was  operated  successfully  at  12,000  rpm  for  36  hours  In  a  vacuum  of 
29.5  Inches  of  mercury  on  a  SNAP-8  generator  simulator  test  rig  using  the 
synthetic  oil  ET-378  at  300°F.  No  leakage  was  detectable  throughout  all 
of  the  testing. 

A  computer  program  has  been  adapted  for  use  in  the  reduction  of  the 
test  data  obtained  during  the  water  seal  testing.  The  program  is  presently 
adapted  for  use  with  the  rotating  housing  seal  tests;  however,  minor 
modifications  will  adapt  It  for  use  with  the  rotating  disk  and  squeeze 
seal  tests.  The  program  has  been  completely  checkedout  for  the  rotating 
housing  data  reduction.  Input  is  presently  being  prepared  for  reduction 
of  all  the  rotating  housing  seals  tests. 
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B.  The  Liquid  Metal  Seal  Teat  Hlg 

Manufac ture  of  the  liquid  metal  seal  test  rig  continued  during 
this  reporting  period.  The  original  quotation  covering  the  manufacture 
of  this  test  rig  detailed  a  rotating  disk  seal  configuration  mounted  on 
the  seal  test  rig.  This  configuration,  It  has  been  learned  after  exten- 
sive  testing  with  the  water  seal  test  rig  would  not  function  properly 
from  a  zero  leakage  standpoint.  The  preliminary  testing  has  revealed 
that,  while  the  rotating  disk  provides  an  acceptable  sealing  device  from 
a  pressure  standpoint,  there  were  surface  instabilities  which  allowed 
small  amounts  of  leakage  from  the  seal  cavity.  Therefore,  It  was 
necessary  to  redesign  the  back  end  of  the  seal  test  rig  in  light  of  the 
seal  technology  made  available  from  the  preliminary  testing.  This  re¬ 
design  was  performed  on  the  seal  test  rig  and  the  design  drawings  and 
specifications  were  transmitted  to  the  manufacturing  vendor.  This 

redesign  test  configuration  was  an  application  of  the  DZL  seal  developed 

* 

Irw'the  preliminary  testing. 

A  complete  report  has  been  Issued  during  this  reporting  period 
covering  the  design  philosophy  behind  the  liquid  metal  seal  test  spindle. 
This  design  philosophy  includes  the  heat  transfer  considerations,  the 
vibration  considerations,  as  well  as  the  overall  gas  bearing  design  work. 
The  design  data  included  within  the  report  were  identical  to  that  reported 
earlier  in  the  Fifth  Quarterly  Report  except  for  the  critical  speed 
calculations,  A  re -evaluat.  >n  of  the  critical  speed  calculations 
utilizing  the  redesigned  spindle  revealed  that  first  system  critical 
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speed  was  in  the  neighborhood  of  20,000  rpm  whereas  the  second  system 
critical  speed  wn  well  above  the  maximum  operating  rpm  of  36,000  rpm. 

The  test  spindle  for  liquid  metal  seal  operation  and  the  seal 
conf igur at  ion  are  in  the  following  stages  of  manufactur ingj  Kefer  to 
Figure  1  -  the  front  end  or  turbine  support  end  of  the  test  rig  has  been 
completely  manufactured  and  is  ready  for  assembly  within  the  test  rig. 
The  gas  bearing  shaft  has  been  completely  machined  and  is  presently 
being  heat-treated  prior  to  final  grind.  The  gas  bearing  housing  has 
been  fully  machined  and  is  presently  beinij  heat-treated  before  plating 
of  the  inner  bores-  After  final  placing  of  the  inner  bores,  it  will  be 
necessary  to  lap  the  bore  surfaces  Co  the  required  diameters.  The  back 
end,  or  seal  configuration  end,  has  been  partially  machined  and  is 
presently  being  expedited  to  completion  as  quickly  as  possible.  The 
manufacturing  vendors  date  for  shipment  to  Ceneral  Electric  however, 
has  slipped  to  March  IS. 

when  Che  final  liquid  metal  seal  test  rig  has  been  received  at 
General  Electric  it  is  intended  that  the  rig  be  set  up  within  Che  liquid 
metal  test  facility  as  soon  as  possible.  The  necessary  instrumentation 
and  facilities  are  presently  being  set  up  so  that  there  is  no  delay  in 
the  initial  operation  of  the  spindle  once  the  test  rig  arrives.  The 
present  plan  of  operation  for  the  test  spindle  requires  that  the  spindle 
be  checked  out  in  a  low  vapor  pressure  oil  prior  to  operation  in  liquid 
metal.  This  will  insure  that  the  test  spindle  operates  properly  as 
designed,  and  operation  of  liquid  metal  should  then  proceed  with  good 
cor.c  idenco . 


-7- 


*h«  manufacture  of  th«  liquid  metal  seal  test  facility  ha*  bean 
completed.  The  teat  facility  ha*  been  moved  to  Ceneral  Electric'*  Evendal* 
Building  #314,  The  imtallation  within  the  building  has  now  been  com¬ 
pleted.  The  install ation  of  the  liquid  metal  seal  test  facility  within 
Bldg.  314  required  many  modifications  to  the  existing  building  and  the 
installation  of  many  facility  services  for  the  seal  rig  to  be  properly 
operated. 

Work  Is  now  progressing  on  the  completion  of  the  set-up  for  check¬ 
out  of  the  liquid  metal  loops  without  the  seal  test  rig.  This  will  re¬ 
quire  that  the  facility  be  operated  using  jumper  lines  in  place  of  the 
seal  configuration  for  checkout  of  the  facility  operation.  The  operation 
of  both  Che  liquid  metal  and  the  argon  supply  can  be  checked  at  this  time 
with  special  attention  given  to  the  facility’s  ability  to  separate  the 
argon  from  the  liquid  potassium.  This  checkout  will  allow  the  problems 
encountered  in  the  operation  of  the  facility  to  be  corrected  in  time  for 
actual  usage  when  the  liquid  metal  seal  test  spindle  arrives.  For  a 
discussion  on  the  capabilities  of  the  potassium  facility  and  the  schematic 
covering  the  facility,  a  review  of  the  Third  Quarterly  Report  is  recommended. 

Enclosed  are  several  photographs  showing  the  installation  of  the 
test  facility  in  Building  #314.  Figure  92  shows  an  overall  view  of  the 
test  rig  installation.  It  may  be  seen  that  the  test  rig  is  centrally 
located  in  the  center  of  the  building  and  that  numerous  service  facilities 
have  been  provided  on  the  building  wall.  This  will  allow  maintenance  of 
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the  equipment  In  an  easy  manner  which  would  otherwise  be  difficult,  If 
the  entire  service  facility  had  been  Installed  within  the  liquid  metal 
facility  enclosure.  Figure  * }  shows  an  end  view  of  the  seal  facility 
with  the  seal  test  chamber  enclosure  doors  open.  This  is  the  chamber 
In  tdilch  the  seal  rig  will  be  placed  and  where  operation  of  the  vacuum 
equipment  will  take  place.  The  vacuum  diffusion  pump  Is  shown  therein. 
Figure  #4  shows  the  operating  panel  for  the  test  facility.  This  opera¬ 
ting  panel,  along  with  •  ye t -to-be -Installed  Instrumentation  panel  Is 
within  the  control  room  beside  the  test  facility.  From  within  this 
control  room,  it  will  be  possible  to  control  the  test  facility,  as  well 
as  monitor  the  performance  of  the  liquid  n*tal  seal.  Figure  t 5  shows 
the  nitrogen  and  argon  receiver*  for  supplying  ga*  to  the  seal  facility. 
These  receivers  are  Installed  outside  the  Building  #J14.  The  argon  will 
be  used  for  the  test  spindle  gat  bearing*  and  as  a  cover  gas  over  the 
liquid  potassium.  The  nitrogen  will  be  used  in  the  facility  cold  traps. 


Figure  1.  Seal  Test  Rig  Hardware 


Figure  2.  Liquid  Metal  Seal  Test  Facility  (C62010222) 


Figure  3.  Tc*i>t  Char.i>er  (C<»|Ol 02113  ) 
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